Two nocardiophages were isolated from soil samples: one, called #C, was specific for the Nocardia canicruria mating type; the other, called +EC, proliferated in N. canicruria and N. erythropolis mating types. Inactivation of phage q5C was rapid in NaCl solutions, with chloroform, 0.3% hydrogen peroxide and 30% (v/v) ethanol in water. Phage q5EC behaved similarly but was less labile in NaCl solutions. Both phages were resistant to diethyl ether. Phage q5C could be propagated to titres of 1010 plaque-forming units/ml. on a medium containing peptone, yeast extract and calcium nitrate ; the highest observed titres of phage q5EC were also produced in this medium. A chemically defined medium for proliferation of phage q5C consisted of inorganic salts, valine, isoleucine, leucine, nicotinamide, glycerol. Other variables which affected the growth of these phages were the amount of phage and host inocula and the age of the host before infection. Phage q5C was distinct from other nocardiophages in its ability to attach quickly and efficiently to its host; 95 % of the phage attached, and attachment was time and temperature dependent. Attachment of phage $EC was slow and inefficient, reaching only 34%. The latent period for phage q5C was about 25 min., the increase period was 35 min. and the burst size about 60 particles/infective centre. The latent period of phage q5EC was 180 min. and the burst size about 20 particles. Both these nocardiophages possessed the typical actinophage morphology. 1961), they are largely unknown for other bacterial systems. To exploit nocardiophages as genetic markers and to ascertain their exact relationships to mating type, it has been necessary to grow and characterize them. In this report, the conditions necessary for propagating and assaying two nocardiophages are defined, thereby allowing for their further characterization. Special attention has been given phage +C because of its potential application in studies of compatibility phenomena in the nocardias.
INTRODUCTION
Genetic recombination between nocardias of heterologous origin has been demonstrated (Adams, 1964) . In general, substrains derived from Nocardia erythropolis do not recombine with each other nor will substrains derived from N. canicruria, but ' interspecific ' combinations are fertile. These observations indicate a mating factor(s) governing compatibility in nocardial recombination. In further investigations of hereditary phenomena in nocardias, characters have been sought for use in the development of linkage maps. Specific phage-resistance characters are deemed appropriate for such purposes.
Two nocardiophages were isolated from soil. One (phage q5C) specifically infected the N. canicruria mating type while the second (phage q5EC) infected both the N. canicruria and N. erythropolis mating types. Although mating-type specific phages have been described for Escherichia coli (Loeb, 1960; Dettori, Maccacaro & Piccinin, growth, nutrient broth or PY broth supplemented with NaCl or Ca(NO,) , was inoculated with Nocardia canicruria to give an extinction of 0.1 at 6 2 0~. After incubation for 2 hr at 30°, phage #C or phage $EC was added to a final concentration of 1 x lo7 plaque-forming units @.f.u.)/ml. The phage-infected cultures were assayed for increase in p.f.u. values after incubation for 4 or 12 hr.
Determination of nocardiophage stability. To discover suitable diluents for phages +C and $EC, 0.1 ml. samples of stock phage preparations were added to various diluents and maintained at 25" for 2 hr. The stability of phages q5C and q5EC to materials commonly lethal for other bacteriophages was tested by incubating mixtures of nocardiophage with different reagents at 25" for 2 hr.
Determination of factors which affect nocardiophage attachment. Several factors were tested for their effect upon attachment of nocardiophage. A 2 hr culture of Nocardia canicruria was harvested and resuspended in different media to an extinction of 0-4 at 620 mp. Phage was added and 5 min. later the mixture was sampled, diluted into 4 volumes of broth, centrifuged and the titre of the supernatant fluid determined. Attachment was expressed as the ratio of free phage particles present in the supernatant fluid to the total phage count. Alternatively, a sample of the whole culture was shaken with an equal volume of diethyl ether and the titre of the aqueous layer measured. In this case, attachment was expressed as the ratio of the number of phage particles present in the aqueous phase of the ether-treated culture to that of the untreated sample. Another method used to measure phage to host attachment involved the addition of specific antiphage serum (Bradley, Papermaster, Watson & Good, 1961) . Phage able to form plaques after the addition of antiserum was considered to be attached to the host. 
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Efect of host age and inoculum sizes on phage propagation. The effect of host age on phage propagation was tested by adding suitable concentrations of phage to the host which had been incubated for various times. Twelve hr after the addition of phage, the phage titre was determined. The effect of the size of the phage inoculum on propagation was examined by mixing phage inocula at different concentrations with a standard host concentration and measuring the p.f.u. after incubation for 3 hr and 24 hr. The effect of the host-inoculum size on phage proliferation was determined by varying the host inoculum concentration and assaying plaque numbers.
Propagation dynamics.
A 2 hr host culture having an extinction of 0-1 at 620 mp in PY broth supplemented with 0.01 ~-ca (No,) , was inoculated with phage #C, 5 x 108 p.f.u./ml. or phage #EC, 1.9 x lo6 p.f.u./ml. At intervals, after allowing 10 min. for adsorption, samples were removed, diluted in fresh medium and assayed for plaque numbers.
Minimal medium.
A 3 hr culture of Nocardia canicruria was harvested and resuspended in 0401 M-Ca(NO,), (PH 7) to an extinction of 0.2 at 620 mp. To this suspension various supplements were added and phage #C added to obtain 2.5 x 106 p.f.u./ml. in the mixture. After incubation for 3 hr at 30°, the mixtures were assayed for plaque numbers.
Host range. The host ranges of phages $C and #EC were determined using methods described previously (Anderson & Bradley, 1961) . The host ranges of $C and #EC were compared to the host range of phage MJP 1. This phage, MJP 1, was isolated on Nocardia canicruria and its host range previously described (Anderson & Bradley, 1961) .
Morphology. The structural features of phages #C and #EC were determined by examining negatively-stained preparations with a Siemen's electron microscope according to the methods of Painter & Bradley (1965) .
RESULTS
Although the nutrient and salt composition of the plaque assay medium did not markedly affect the titres of phages #C and #EC, the composition of the propagation medium was critical. Peptone +yeast extract broth was the best routine nutrient source ( Table 1 ). The addition of Ca(NO,), stimulated phage production but 0.1 M-NaCl was deleterious. The highest routine phage titres were obtained in PY broth supplemented with 0.01 ~-ca(No,),.
Phage #C was rapidly inactivated in many salt solutions (Table 2) ; it was susceptible to M-NaCl, but was stable for 2 hr at 25" in 0.01 M-C~(NO,),, MgS04 or tris buffer, and in nutrient broth or PY broth at pH 7. Phage $EC followed the stability pattern of phage $C except that #EC was somewhat more stable in NaCl solutions.
The two phages were similar in their patterns of resistance to deleterious agents (Table 3) . Chloroform and thymol (frequently used to render phage lysates free from living bacteria) decreased the titre of phage #C 10,000-fold; chloroform was somewhat less lethal to phage #EC, decreasing the titre only 100-fold. Both phages were rapidly inactivated by ultraviolet irradiation. Table 1 . Complex medium for propagation of nocardiophages (PC and #EC Nocardia canicruria, at an extinction of 0.1 at 620 mp, was incubated for 2 hr at 30".
After host incubation, phages $C or $EC were added to give a final phage concentration of lo7 p.f.u./ml. After 4 or 12 hr further incubation, plaque numbers were determined. Table 2 
. Diluents for nocardiophages (PC and #EC
A 0.1 ml. sample of stock preparations of phages $C or $EC was added to 10 ml. of the diluent to be tested. All solutions were previously adjusted to pH 7.0. After 2 hr incubation at 25", the diluent-phage mixtures were assayed for viable phage. 
Nocardiophage attachment
Attachment of phage #C was markedly affected by medium composition (Table 4) . When water was used as the attachment medium, only 5% of phage (PC particles were effectively attached; the addition of 0.01 M-Ca2+ to PY broth facilitated its attachment. Other media tested were less satisfactory for attachment.
Three methods were used to determine attachment ( Table 5 ). The methods based on the use of antisera or ether sensitivity were equally useful, and indicated slightly greater degrees of attachment than did the centrifugation method.
Attachment of phage #C was retarded at 5" ( Table 6 ). The best attachment of phage (PC was at the highest temperature tested (37"). In contrast, phage #EC attached inefficiently; for example, after 30min. incubation at 30" in PY broth containing 0.01 M-Ca2+, phage (PC attached with an efficiency of 95%, whereas phage #EC attached with an efficiency of 34%. Table 3 
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. Ecffects of chemical and physical agents on nocardiophages q5C and #EC
To determine the effects of physical treatments, PY broth grown preparations of phages q5C or $EC were diluted 1 to 10 in PY broth. A 0.1 ml. sample was added to 1Oml. PY broth, the physical treatment applied, and viable phage numbers were estimated immediately after the treatment. A similarly diluted but untreated PY broth preparation served as a control. To determine the effects of the chemical agents, PY broth grown preparations of the phages were diluted 1 to 10 in water. A 0.1 ml. sample of the dilution was added to 10 ml. of the reagent to be tested at the specified concentration in water. After 2 hr incubation at 25", the mixtures were assayed for phage numbers. Nocardia canicruria was used as the host in all cases. -, Not done. Table 4 
. Total attachment of nocardiophage q5C to washed Nocardia can icr ur ia organisms
A 2 hr culture of Nocardia canicruria was harvested and resuspended in the indicated media to an extinction of 0.4 at 620 mp. Phage was added and after 5 min. to allow for attachment, the mixture was sampled, diluted into 4 vol. of broth, centrifuged and the viable titre of the supernatant fluid was assayed. Alternatively, a whole culture and a sample were shaken with an equal volume of diethyl ether and the phage titre of the aqueous layer was determined. Table 5 
. Comparison of three criteria for measuring attachment of nocardiophage #C to Nocardia canicruria cells
A 2 hr culture of Nocardia canicruria was harvested and resuspended in the indicated media to an extinction of 0.4 at 620 mp. Phage q5C was added to a concentration of 1.9 x lo7 p.f.u./ml. After 10 min., attachment was determined by the indicated criteria. 
Attachment medium
Eflects of time and temperature on attachment of nocardiophage q5C to Nocardia canicruria
A culture was equilibrated to the indicated temperature and phage $C added to a final concentration of 3.3 x lo6 p.f.u.lm1. At the indicated times, 1 ml. samples were mixed with 1 ml. of diethyl ether; the aqueous layer was assayed for viable phage. No cardiophage propagat ion From the results of the preceding experiments, it was evident that several factors affected the phage to host interaction. When host age before infection was examined, it was found (Table 7) that young cultures gave the best yields of phage. However, the time at which the phage+host mixture ( Table 8 ) was sampled also determined phage yield. In a 3 hr period, the phage output was directly related to the size of the phage inoculum. With an 18 hr incubation time, the final phage yields were practically identical regardless of the multiplicity of infection. Upon varying the amoimt of the host (Table 9 ), an increased yield was observed with an increase of host. These data indicate that a maximum yield of phage was dependent upon the absolute number of host organisms, the growth stage of the host, and ratio of phage to host:.
Under standard conditions, with young host cultures, the growth curves of phages q5C and #EC were distinct from each other, but typical of phage growth curves. The latent period for phage $C was about 20 min., the increase period was 401 min. and the burst size about 60 particIes/infective centre. Phage q5EC had a latent period extending to 180 min. and the burst size was lower than that for #C, approaching only 20 particleslinfective centre. Nocardiophage char act er izat ion 253 Table 7 . Efect of host age on production of nocardiophages #C and q5EC
Peptone + yeast extract medium was inoculated with Nocardia canicruria to an initial population density of 5 x lo7 cellslml. At intervals, phage was added to a final concentration of 2 x lo6 p.f.u./ml. and the mixture incubated for 12 hr. After incubation, the cultures were centrifuged and the supernatant fluid assayed for plaque numbers. By the method of group and single additions or omissions, a chemically defined propagation medium was devised (Table 10) . For maximum production of phage #C, a medium composed of glycerol, nicotinamide, basal salts and three amino acids was most effective. The omission of any one of these supplements or groups of supplements (e.g. vitamins) resulted in lowered production of phage. The omission of glycerol, which resulted in a somewhat smaller production of phage, was the least necessary of the defined medium constituents. 
Host range
Nocardiophage q5C attacked two strains of Nocardia canicruria and an organism designated N. corallina strain ~305. Phage #C was unable to lyse any other of the strains tested (Table 11) . N. canicruria, N. erythropolis, N. opaca and N. corallina strain ~3 0 5 were lysed by phage +EC; other nocardias tested were not susceptible to
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the action of this phage. Thus the range of increasing lytic capability extends from phage #C to #EC to MJP1.
Morphology of nocardiophages q5C and #EC
Negatively stained phage #C was found to have a head 52 k 2 mp in diameter and tail 10 mp wide x 192 k 8 mp long (PI. 1, A) . The head size of phage #EC (Pl. 1, B) was 52 mp in diameter and the tail 10 mp wide x 197 mp long. Table 11 . Host ranges of nocardiophages #C, #EC and MJPl Stock PY preparations of the phages, containg ca. 1 x lo9 p.f.u./ml., were diluted for three ten-fold serial dilutions. 0.1 ml. samples of the dilutions were added to ca. 5 x lo7 host cellslml. contained in 2.5 ml. soft overlay agar at 45". The phage-host mixtures were poured on the surface of PY agar plates. The production of plaques after 24 hr. incubation for any dilution tested was considered as a positive result. 
Organism and strain
DISCUSSION
Nocardiophage q5C was routinely propagated to titres of 1O1O p.f.u./ml. in this work. Attempts to purify the phage further by centrifugation or column chromatographic separation procedures were unsuccessful; phage #C was sensitive to these processes. Inactivation under these conditions apparently resulted from damage to the long, delicate phage tail. Nocardiophage #EC is similar to #C in susceptibility to chemical and physical agents; but #EC is easily concentrated by centrifugation without loss of titre.
Unlike phage #EC and other actinophages, phage #C attached efficiently to its host. The observed attachment was irreversible and dependent upon time and
